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ANTIBODIES WHICH BIND TNt G-CSF RECEPTOR EXTRACELLULAR DOMAIN AND 
METHODS OF TREATMENT 



FIELD OF iBE INVENTION 

S The present invention relates generally to cytokine interactive molecules, such 

as antibodies and other imniiiTie reactive molecules, agonists and antagonists. The 
present invention also provides methods for assaying for (he presence of cytokmes or 
recq)tor associated proteins such as kmases and then: function. 

Throughout this specification, unless the context requres otherwise, the word 

10 "comprise", or variations such as "conq)rises" or "comprising", will be understood 
to imply the inchision of a stated element or integer or group of elements or integers 
but not the exclusion of any other element or integer or group of elements or integers. 

BACKGROUND OF THE INVENTION 

15 Granulocyte colony-stimulating factor (G-CSF) stimulates the proliferation and 

differentiation of neutrophil precursors via interaction with a specific cell surface 
receptor, the G-CSF receptor (G-CSF-R). 

Although the G-CSF-R has been cloned (1) and is functionally active in 
several different cell types (2), little is known about the mechanism of signal 

20 transduction. The G-CSF-R is believed to consist of a single cham that is activated 
through ligand induced homodimerisation (3) as has been shown for the erythropoietin 
and growdi hormone receptors (EPO-R, GH-R) (4). The G-CSF-R does not contahi 
an mtrinsic protein kinase domain (1) although tyrosme kinase activity seems to be 
required for transduction of the G-CSF signal (5). JAK kinases (6,7) are recqytor- 

25 associated proteins which are rapidly phosphorylated after receptor activation. In 
particular. Tyk2 is phosphorylated followmg mterferon a-recq)tor (BFNa-R) 
activation (8) and JAK2 following the bmdmg of EPO (9), GH (10) and mterleukin-3 
(JLr3) (11) to then: respective receptors. 

In work leadmg iq) to the present mvendon, the inventors investigated early 

30 signal transduction events resultuig fix>m the association of G-CSF with its receptor 
and the role of JAKl and JAK2. 
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In accordance with the present invention, antibodies were prepared to the 
extracellular domain of G-CSF-R. It has now been surprisingly discovered that G- 
CSF interaction with G-CSF-R is required for tyrosine phosphorylation of lAK 
kinases. The antibodies of the present invention now provide for a method of 
5 inhibiting G-CSF binding to its receptor and, by consequence, phosphorylation by 
JAK kmases. The present invention contemplates, therefore, a method for treating 
G-CSF related disease conditions or JAKl and JAK2 phosphorylation associated 
disease conditions which result from G-CSF interaction with its receptor. 

10 SUMMARY OF THE INVENTION 

One aspect of tb& present invention is du:ected to a composition comprising 
antibodies or parts, fragments or derivatives thereof to G-CSF-R extracellular domain. 

Another aspect of the present invention relates to antibodies to the composition 
defined above. 

15 Yet another aspect of the present invention contemplates a method for 

inhibiting, reducing or otherwise decreasing tyrosine phosphorylation of JAKl or 
JAK2 in a mammal , said method comprising administering to said mammal a binding 
effective amoimt of an antibody or a part, fragment or derivative thereof interactive 
with G-CSF-R extracellular domain, 

20 Still yet another aspect of die present invention contemplates a method for 

inhibiting, reducmg or otherwise decreasing G-CSF interaction with G-CSF-R in a 
mammal , said method comprising administering to said mammal , a binding effective 
amount of an antibody or part, fragment or derivative thereof mteractive with G-CSF- 
R extracellular domain. 

25 In still yet another aspect of the present invention, tiiere is provided agonists 

and antagonists to G-CSF-R. 

BRIEF DESCRIPTION OF THE FIGURES 

Figure 1 is a photographic representation showing Qrrosine phosphorylation 
30 of JAK kinases in response to G-CSF (AML-193 cells). 

AMI^I93 cells were incubated with ifaG-CSF (100 ng/ml) for die times 
indicated (minutes) and lysed. Tyrosine phosphorylated proteins were 
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immunoprecipitated with antiphosphotyrosine antibody 4G10 (odPY), Upstate 

Biotechnology Inc. (UBI). The inmunoprecipitated proteins were separated by 

sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) 6% w/v gel 

and analysed by Western blot using either JAKl antiserum (Ml) (aJAKl, JAK2 
5 antiserum (UBI) (cJAKZ) or TYK2 antiserum, Santa Cruz Inc. (aTYK2). The 

mobilities of the pre-stained molecule weight markers are shown on the left. 

Figure 2 is a photographic representation showing Qrrosine phosphorylation 

of JAKl and JAK2 in response to G-CSF (CH0-6A11 cells). 

CH0-6A11 cells were mcubated with AG-CSF for the times indicated 
10 (mmutesO and lysed. JAKl and JAK2 protems were immunoprecipitated usmg 

purified JAKl antiserum (M7) (left panel) and JAK2 antiserum (UBI) (right panel). 

Immunopreciptates were separated using SDS/6% w/v PAGE and subjected to 

Western blot analysis using antiphosphotyrosine antibody 4G10 (otPY) (upper panel). 

The nitrocellulose was stripped of antisera and re-probed using M7 and JAK2 
IS antiserum (lower panel) demonstrating equal sample loading in each lane. The 

mobilities of the pre-stained molecular weight markers are shown on the left. 

Figure 3 is a photographic representation showing JAKl and JAK2 autokinase 

activity in CH0-6A11 cells. 

CH0-6A11 cells were incubated with rhG-CSF for the times indicated 
20 (minutes) and lysed. JAKl and JAK2 proteins were immunoprecipitated using 

purified JAKl antiserum (M7) Oeft panel) and JAK2 antiserum (UBI) (right panel). 

Immunoprec^itates were washed and suspended hi an equal volume of kinase buffer 

(20) contaming [7-^]ATP (0.25|iCi/ml) for 30 mmutes at room tenqjerature. 

Immunoprecipitates were analysed by SDS/6% w/v PAGE. The gels were treated 
25 widi 1 mol/L KOH SS^'C for two hours to remove phosphoserme and 

phosphothreonme. Radioactive bands were visualised widilMAGEQUANT software 

on a Phosphorlmager system (Molecule Dynamics). 

Figure 4 is a photogn^hic representation showing association of JAKl and 

JAK2 with the G-CSF receptor. 
30 AMH93 cells were mcubated with rhG-CSF (lOOng/ml) (+) or medmm (-) 

for 10 minutes. Cells were lysed and G-CSF-R proteins immunoprecipitated using 

the monoclonal antibody LMM741 . FoUowmg SDS/6% w/v PAGE analysis, proteins 
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were electrophoretically transferred to nitrocellulose and inimunoblotted with either 
JAK2 antiserum (M7) (left panel) for JAK2 antiserum (UBI) (right panel). 

Figure 5 is a photographic representation showing that different cytoldnes 
result in ^osine phosphorylation of specific JAK kinases in AML-193 cells. 
S AMI^193 cells were incubated with either G-CSF, GM-CSF or IL-6 at 100 

ng/ml or medhun (control) for 10 minutes and immunoprecipitated with 
antiphosphotyrosine antibody 4G10 (odPY). Immunoprecipitated proteins were 
separated by SDS/6% w/v PAGE and analysed by Western blot with either JAKl 
antisrum (M7) (cJAKl), JAK2 antiserum (UBI) (aJAK2) or TYK2 antiserum (Santa 
10 Cms) (aTYK2). The mobilities of the pre-stamed moelcular weight markers are 
shown on the left. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present invention relates generally to antibodies to G-CSF-R. Preferably, 

15 the antibodies are directed to the extracellular domam of G-CSF-R and more 
particularly a recombinant form of this molecule. The present invention is also 
directed to parts, fragments or derivatives of such antibodies which still interact with 
the G-CSF-R. The antibodies of the present invention are generally in isolated or 
purified form meaning that a composition comprises at least 25%, more preferably 

20 at least 35 % , even more preferably at least 45-50 % , still more preferably at least 60- 
70% and even still more preferably at least 80-95% of the antibodies as determined 
by weight, immunoreactivity or other convenient means. Alternatively , the antibodies 
may be present in the form of isolated culture supernatant, tissue extract, serum or 
whole blood or ascites fluid. 

25 Preferably, the G-CSF-R is of mammalian origm such as from a human, 

livestock animal (e.g. cow, horse, sheep, goat or dontey), laboratory test ammal (e.g. 
mouse, rat or rabbit), conq)anion ammal (e.g. dog or cat) or cq)tive wild animal (e.g. 
dingo, fox, wild boar or kangaroo). The most preferred recq)tors are of human and 
kiboratory test animal origm (e.g. murine species). 

30 Where the antibodies are polyclonal antibodies, they may be generated in any 

convenient host includmg a human, livestock ammal, companion ammal or captive 
wild ammal as exemplified above. Where the antibodies are monoclonal antibodies. 
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they may be prepared in any convenient hybridoma such as of murine (i.e. mouse or 
rat) origin. 

The recq)toi: used to generate the antibodies may be the whole receptor such 
as in purified, partially purified or isohtted foim including in the form of isolated 

5 membrane preparations. The receptor may also be produced by recombinant 
procedures or synthetic procedures or a combination thereof. In a particularly 
preferred embodiment, a fragment of the receptor is used which, m an even more 
preferred embodunent, is fused to a suitable carrier or maricer molecule such as 
FLAG protem or alkaline phosophatase (AP). Glutatfaione-S-transferase (GST) may 

10 also be used. 

According to this preferred embodiment, there is provided an antibody or part, 
fragment or derivative thereof mteractive with a non-M length G-CSF-R fused to a 
carrier molecule. The non-full length portion of the receptor acts as a hapten and is 
or forms part of the extracellular domain. Preferably, the carrier molecule is FLAG 
15 or AP. Alternatively, the carrier molecules is GST. 

The resulting fusion molecule may then be used to generate polyclonal or 
monoclonal antibodies which may undergo immunoadsorbent procedures to provide 
a composition of substantially, for example, extracellular domain-reactive receptor 
antibodies. 

20 The terms "antibody" or "antibodies" are used herein in then: broadest sense 

and include parts, fragments, derivatives, homologues or analogues thereof, peptide 
or non-peptide equivalents thereof and fusion molecules between two or more 
antibodies or between an antibody and another molecule. The antibodies or other 
immunointeracdve molecules may also be in recombinant or synthetic form. 

25 Accordmgly , the present invention contemplates mutants and derivatives of the 

antibodies which mteract with G-CSF-R extracellular domains. Mutants and 
derivatives of such antibodies include amino acid substitutions, deletions and/or 
additions. Furthermore, amino acids may be replaced by other amino acids having 
like properties, such as hydrophobicity, hydrophilichy, electronegativity, bulky side 

30 chains, interactive and/or functional groups and so on. Glycosylation variants and 
hybrid antibodies axe also contemplated by the present inventioiL 
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Amino acid substitutions are typically of single residues; insertions usually 
will be of the order of about 1-10 amino acid residues; and deletions will range firom 
about 1-20 residues. Deletions or insertions preferably are made in adjacent pairs, 
i.e: a deletion of 2 residues or insertion of 2 residues. 
5 The amino acid variants referred to above may readily be made using peptide 

synthetic techniques well known in the art, such as solid phase peptide synthesis and 
the like, or by recombinant DNA manipulations. Techniques for making substitution 
mutations at predetermined sites in DNA having known sequence are well known, for 
example through M13 mutagenesis. The manipulation of DNA sequences to produce 

10 variant proteins which manifest as substitutional, insertional or del^onal variants are 
well known in the art. 

Other examples of recombinant or synthetic mutants and derivatives of the 
antibodies of die present invention include smgle or multiple substitutions, deletions 
and/or additions to ai^ molecule associated with the ligand such as carbohydrates, 

IS lipids and/or protems or polypeptides. Naturally occurring or altered glycosylated 
forms of the subject antibodies are particularly contemplated by the present invention. 

Amino acid alterations to the subject polypeptide contmiplated herein include 
insertions such as amino acid and/or carboxyl terminal fusions as well as intra- 
sequence insertions of single or multqile amino acids. Generally, insertions within 

20 the amino acid sequence will be smaller than amino or carboxyl terminal fusions, of 
the order of about 1 to 4 residues. Insertional amino acid sequence variants are those 
in which one or more amino acid residues are introduced into a predetermined site 
in the protein. Deletional variants are characterised by the removal of one or more 
amino acids from the sequence. Substitutional variants are tiiose in which at least one 

25 residue in the sequence has been removed and a different residue inserted in its place. 
Such substitutions may be made in accordance with Table 1. 
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TABLEl 

S Original Residue Exsmphry Substitutioiis 





Ala 


ocr 




Alg 


T V6 


10 


Asn 


ijin; riis 




Asp 


UlU 




Cys 






Gin 


Asn 




Glu 


Asp 


15 


Gly 


Pro; Val 




His 


Asn; Gin 




ne 


Leu; Val 




Leu 


He; Val 




Lys 


Arg; Gin; Glu 


20 


Met 


Leu; ne 




Fbe 


Met; Leu; Tyr 




Set 


Thr 




Tbr 


Ser 




Ttp 


Tyr 


25 


Tyr 


Tip; Phe 




Val 


He; Leu 



The terms "analogues" and "derivatives*' also extend to any functional 
chemical equivalents of the antibodies characterised by their increased stabili^ and/or 
30 efBcacy in vivo or in vitro. The terms "analogue" and "derivatives" fimfaer extend to 
any amino acid derivative of die antibodies as described above. 

Antibody analogues contemplated herein include, but are not limited to, 
modifications to side chains, incorporation of imnatural amino acids and/or 
derivatising the molecules and the use of crosslinkers and other methods which 
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impose confonnational constraints on the antibodies. Exan^les of side chain 
modifications contemplated by the present invention include modifications of aminS 
groups such as by reductive alkylation by reaction with an aldehyde followed by 
reduction with NaBH4; amidination with methylacetimidate; acylation with acetic 
5 anhydride; carbamoylation of amino groups with cyanate; trinitrobenzylation of amino 
groups with 2» 4, 6-trinitrobenzene sulphonic acid (TNBS); acylation of amino groups 
with succinic anhydride and tetrahydrophthalic anhydride; and pyridoxylation of 
lysine with pyridoxal-5'-phosphate followed by reduction with NaBH4. 

The guanidine group of arginine residues may be modified by the formation 
10 of heterocyclic condensation products with reagents such as 2,3- butanedione, 
phenylglyoxal and glyoxal. 

The carboxyl group may be modified by carbodiimide activation via 0- 
acylisourea formation followed by subsequent derivitisation, for example, to a 
corre^onding amide. 

IS Sulphydryl groups may be modified by methods such as caiboxymethylation 

witti iodoacetic acid or iodoacetamide; performic acid oxidation to cysteic acid; 
formation of a mixed disulphides with other thiol compounds; reaction wifli 
maleimide, maleic anhydride or other substituted maleimide; formation of mercurial 
derivatives using 4-chloromeicuribenzoate, 4-chloromercuriphenylsulphonic acid, 

20 phenylmercury chloride, 2-chloromercuri-4-mtrophenol and other mercurials; 
carbomoyiation with cyanate at alkaline pH. 

Tryptophan residues may be modified by, for example, oxidation with N- 
bromosuccinimide or alkylation of the indole ring with 2-hydroxy-5-nitrobenzyl 
bromide or sulphenyl halides. Tyrosine residues on the other hand, may be altered 

25 by nitration with tetranitromethane to form a 3-nitrolyrosine derivative. 

Modification of the imidazole ring of a histidine residue may be accomplished 
by alkylation with iodoacetic acid derivatives or N-carbethoxylation with 
diethylpyrocaibonate. 

Exan^les of mcorporating unnatural amino acids and derivatives during 

30 protein synthesis include, but are not limited to, use of norleucine, 4-amino butyric 
acid, 4-amino-3-hydroxy-5-phenylpentanoic acid, 6-aminohexanoic acid, t- 
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butylglycine, norvaline, phenylglycine, ornithine, sarcosine, 4-amino-3-hydroxy-6- 
metfaylheptanoic acid, 2-thienyl alanine and/or D-isomers of amino acids. 

Crosslinkers can be used, for example, to stabilise 3D conformations, using 
homo-bifimctional crosslinkers such as the Afunctional imido esters having (CH2)n 
S spacer groups with n 1 to n = 6, glutaraldehyde, N-hydroxysuccinimide esters and 
hetero-bifunctional reagents which usually contain an amino-reactive moiety such as 
N-hydroxysuccinimide and another group specific-reactive moiety such as maleimido 
or difbio moiety (SH) or carbodiunide (COOH). In addition, peptides could be 
conformationally constrained by, for example, incorporation of C^, and N„« 

10 metfaylamino acids, introduction of double bonds between and atoms of amino 
acids and the formation of cyclic peptides or analogues by introducing covalent bonds 
such as forming an amide bond between the N and C termmi, between two side 
chams or between a side chain and the N or C tserminus. 

The present invention, therefore, extends to amino acid and/or chemical 

IS analogues of the subject antibodies having the identifymg characteristics of being 
intmctive widi die extracellular domain of G-CSF-R. 

Accordingly, reference herein to an antibody nicludes the naturally occurring 
molecule, recombinant, syndietic and analogue forms thereof and to any mutants, 
derivatives and human and non-human homologues thereof including amino acid and 

20 glycosylation variants. 

The antibodies of the present invention may be used to develop a new range 
of ther^utic and diagnostic agents. For example, the antibodies or firagments or 
derivatives thereof may act as antagonists and be useful, for exan^Ie, in the treatment 
of G-CSF related disease conditions which result from G-CSF interaction with its 

25 recq)tor, includmg JAK family phosphorylation related disorders (e.g. some cancers 
andtumouis). They nmy also be used for screening for agonists useful, for example, 
where G-CSF interaction (or JAKl or JAK2 phosphorylation) is to be promoted. 
Normal, abnormal or mutant receptor structure or receptor expression may also be 
determined through mummoreactivity studies. 

30 Accordmg to this latter embodunent, there is contemplated a meduxl of 

detecting a G-CSF-R on a cell m a biological san^le, said method conqmsing 
contacting said sample with an antibocfy capable of binding to the extracellular doniiain 
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of said G-CSF-R inunobiiised to a solid support for a time and under conditions 
sufficient for an antibody G-CSR-R con^lex to form and then detecting the presence 
of said complex. 

In one preferred method, the complex is detected by contacting the complex 
S with a second antibody against the first mentioned antibody with the second antibody 
bemg labelled with a reporter molecule. Alternatively, the first antibody itself is 
labelled with a reporter molecule. 

The first and second antibodies may be polyclonal or monoclonal and both are 
obtainable by immunisation of a suitable animal with the interactive molecule and 

10 either typ^ is utilisable in the assay. The methods of obtaining both types of sera are 
well known in the art. Polyclonal sera are less preferred but are relatively easily 
prepared by injection of a suitable laboratory animal with an effective amount of 
immunointeractive molecule, or antigenic parts thereof, collecting serum fiom (he 
anunal, and isolating specific antibodies by any of the known immunoadsorbmt 

15 techniques. Although antibodies produced by this method are utilisable in virtually 
any type of assay, they are generally less favoured because of the potential 
heterogeneity of the product. 

The use of monoclonal antibodies in the above hnmunoassay is particularly 
preferred because of the ability to produce them m large quantities and the 

20 homogeneity of the product. The preparation of hybridoma cell lines for monoclonal 
antibody production derived by fusing an immortal cell line and lymphocytes 
sensitized against the immunogenic preparation can be done by techniques which are 
well known to those who are skilled in the art. (See, for example Douillard and 
Hof&nan, Basic Facts about Hybridomas, m Compendium of Immunology Vol n, ed. 

25 by Schwartz, 1981; Kohler and Milstein, Nature 256: 495-499, 1975; European 
Journal of Immunology 6: 511-519, 1976). 

The presence of a G-CSF-R may be accomplished in a number of ways such 
as by Western blottmg and EUSA procedures. A wide range of immunoassay 
techniques are available as can be seen by reference to US Patent Nos. 4,016,043, 

30 4, 424,279 and 4,018,653. These, of course, include both single-site and two-site or 
"sandwich" assays of the non-competitive types, as well as in the traditional 
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competitive binding assays. These assays also include direct binding of a labelled 
antibody to a target. 

Sandwich assays are among the most useful and commonly used assays and 
are particularly useftd in the present invention. A number of variations of the 
S sandwich assay technique exist, and all are intended to be encompassed by the present 
invention. Briefly, in a typical forward assay, an antibody is brought into contact 
widi a biological sanq)le comprising cells potentially carrying G-CSF-R. After a 
suitable period of incubation, for a period of dme sufficient to allow formation of an 
andbody G-CSF-R conqilex, a second antibody specific to the complexed antibody, 

10 labelled with a reporter molecule citable of producing a detectable signal, is then 
added and incubated allowing sufficient time for Ae formation of a tertiary complex. 
Any unreacted material is washed away, and the presence of the second antibody 
bound to the first antibody is determined by observation of a signal produced by the 
reporter molecule. The results may either be qualitative, by simpk observation of 

IS the visible signal, or may be quandtated by comparing with a control sample 
containing Icnown amounts of hapten. Variations on the forward assay include using 
a first antibody (against G-CSF-R) labelled with a reporter molecule. In addition, the 
antibodies or cells canying G-CSF-R may be immobilised onto a solid support. 

Suitable solid supports include glass or a polymer, the most commonly used 

20 polymers being cellulose, polyacrylamide, nylon, polystyrene, polyvinyl chloride or 
polypropylene. The solid supports may be in the form of tubes, beads, discs of 
microplates, or any other surface suitable for conducting an immunoassay. The 
binding processes are well-known in the art and generally consist of cross-linking 
covalently binding or physically adsorbing molecules to the polymer. 

25 "Reporter molecule**, as used in die present specification, is meant a molecule 

which, by its chemical nature, provides an analytically identifiable signal which 
allows the detection of antigen-bound antibody. Detection may be either qualitative 
or quantitative. The most commonly used reporter molecules in diis type of assay are 
eidier em^mes, fiuoiophorBS or radionuclide containing molecules (i.e. radioisotopes) 

30 and chemiluminescent molecules. 

In die case of an enzyme immunoassay, an enqrme is conjugated to the 
imnnmointeractive molecule or an antibody thereto generally by means of 
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glutaraldehyde or periodate. As will be readily recognised, however, a wide variety 
of different conjugation techniques exist, which are readily available to die skilled 
artisan; Commonly used enzymes include horseradish peroxidase, glucose oxidase, 
beta-galactosidase and allcaline phosphatase, amongst others. The substrates to be 
5 used with the specific enzymes are generally chosen for the production, upon 
hydrolysis by the corresponding enzyme, of a detectable colour change. Examples 
of suitable enzymes mclude alkaline phosphatase and peroxidase. It is also possible 
to employ fluorogenic substrates which yield a fluorescent product rather than the 
chromogenic substrates noted above. Generally, tibe enzyme-labelled antibody is 

10 added to die ummmointeractive molecule-receptor complex, allowed to bmd, and then 
the excess reagent is washed away. Alternatively, an enzyme labelled 
immunointeractive molecule is used. A solution containing the appropriate substrate 
is then added to the tertiary conq>lex. The substrate will react with the enzyme linked 
to the antibody/immunouiteractive molecule, giving a qualitative visual signal, which 

IS may be further quantitated, usually spectrophotometrically, to give an indication of 
the amount of hapten which was present m the sample. "Reporter molecule** also 
extends to use of cell agglutination or inhibition of agglutination such as red blood 
cells on latex beads, and the lite. 

Alternately, fluorescent compounds, such as fluorescein and rhodamine, may 

20 be chemically coupled to antibodies without altering dieir binding capacity. When 
activated by illumination with light of a particular wavelength, the fluorochrome- 
labelled antibody adsorbs the light energy, inducing a state to excitability in the 
molecule, followed by emission of the light at a characteristic colour visually 
detectable with a light microscope. Immunofluoresence and EIA techniques are both 

25 very well established in die art and are particularly useful for the present method. 
However, other reporter molecules, such as radioisotope, chemiluminescent or 
bioluminescent molecules, may also be employed. 

By detecting G-CSF-R by the procedures , aberrant receptors may be discerned 
thus providing a useful screening procedure for potential disease conditions. 

30 The present invention also provides a phannacratical composition conqnising 

an effective amount of antibodies citable of binding or otiierwise associating with the 
extracellular domain of G-CSF-R and one or more pharmaoeutically accqitable 
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carriers and/or diluents. The active ingredients of a phannaceutical composition 
comprising the antibodies are contemplated to exhibit exceUent therapeutic activity, 
for example, in the treatment of G-CSF disease conditions such as some cancers^ in 
an amount which depends on the particular case. For example, from about O.S ng 
5 to about 20 mg per kilogram of body weight per day of antibody may be 
administered. Dosage regima may be adjusted to provide the optimum therapeutic 
response. For example, several divided doses may be administered daily or the dose 
may be proportionally reduced as indicated by the exigencies of the therap^c 
situation. 

10 The active compound may be administered in a convenient manner such as by 

the oral, intravenous (where water sohible), intramuscular, subcutaneous, intranasal, 
intradermal or suppository routes or unplantmg (eg using slow release molecules). 
Depending on the route of administration, the active ingredients which conq^rise the 
unmunointeractive molecules may be required to be coated in a material to protect 

IS said ingredients from the action of enzymes, acids and other natural conditions which 
may inactivate said ingredients. In order to administer the immunointeractive 
molecules by other than parenteral administration, they will be coated by, or 
administered with, a material to prevent its inactivation. For example, the 
immunointeractive molecules may be administered in an adjuvant, co-administered 

20 with enzyme inhibitors or in liposomes. Adjuvant is used in its broadest sense and 
incliides any immune stimulating compound such as interferon. Adjuvants 
contemplated herein include lesorcinols, non-ionic surfactants such as polyoxyethy lene 
oleyl ether and n-hexadecyl polyethylene ether. Enzyme inhibitors include pancreatic 
trypsin inhibitor, diisopropylfluorophosphate (DEP) and trasyloL Liposomes include 

25 water-in-oil-in-water emulsions as well as conventional liposomes. 

The active confounds may also be administered parenterally or 
intraperitoneally. Dispersions can also be prepared in glycerol, liquid polyethylene 
glycols, and mixtures thereof and in oils. Under ordinary conditions of storage and 
use, these prq)arations contain a preservative to prevent the growth of 

30 microorganisms. 

The pharmaceutical forms suitable for mjectable use include sterile aqueous 
solutions (where water soluble) or dispersions and sterile powders for the 
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extemporaneous preparation of sterile injectable solutions or dispersion. In ail cases 
the form must be sterile and must be fluid to the extent that easy syringability exists. 
It must be stable under the conditions of manufacture and storage and must be 
preserved against the contaminating action of microorganisms such as bacteria and 
5 fungi. The carrier can be a solvent or dispersion medium containing, for example, 
water, ethanol, polyol (for exanq)le, glycerol, propylene glycol, and liquid 
polyethylene glycol, and the like), suitable mixmres thereof, and vegetable oils. The 
proper fluidity can be maintained, for exanq)le, by the use of a coating such as 
lecithin, by die maintenance of the lequked particle size in the case of dispersion and 

10 by theuseof siq)er£actaxits. The preventions of die action of microorganisms can be 
brought about by various antibacterial and antifungal agents, for exanq>le, parabens, 
chlorobutanol, phenol, sorbic acid, thiinerosal, and the like. In many cases, it will 
be preferable to include isotonic agents, for example, sugars or sodium chloride. 
Prolonged absorption of the injectable compositions can be brought about by the use 

15 in the conq)ositions of agents delaying absorption, for exanq)le, aluminium 
monostearate and gelatin. 

Sterile injectable solutions are prepared by incorporating the active compounds 
in the requked amount in the appropriate solvent with various of the other ingredients 
enumerated above, as required, followed by filtered sterilization. Generally, 

20 dispersions are prepared by incorporating the various sterilized active mgredient mto 
a sterile vehicle which contains the basic dispersion medium and the required other 
ingredients from those enumerated above. In the case of sterile powders for the 
preparation of sterile injectable solutions, the preferred methods of preparation are 
vacuum drying and the freeze-drying technique which yield a powder of the active 

25 ingredient plus any additional desu:ed ingredient from previously sterile-filtered 
solution thereof. 

When the antibodies are suitably protected as described above, the active, 
compound may be orally administered, for example, with an inert diluent or with an 
assimilable edible carrier, or it may be enclosed in hard or soft gelatin csqisule, 
30 or it may be compressed into tablets, oritmay be incorporated duecdy with the food 
of the diet For oral therapeutic administration, the active con^Kmnd may be 
incoiporated with excipients and used in the form of ingestible tablets, buccal tablets, 
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troches, capsules, elixirs, suspensions, syiups, wafers, and the like. Such 
conq)Ositions and preparations should contain at least 1% by weight of active 
compound. The percentage of the compositions and preparations may, of course, be 
varied and may conveniently be between about 5 to about 80% of the weight of the 
5 unit. The amount of active compound in such therapeutically useful compositions in 
such that a suitable dosage will be obtained. Preferred compositions or preparations 
according to the present invention are prq)ared so that an oral dosage unit form 
contains between about 10 fig and 2000 mg of active compound. 

10 The tablets, troches, pills, capsules and the like may also contain the following: A 
binder such as gum tragacanlh, acacia, com starch or gelatin; excipients such as 
dicalcmm phosphate; a disintegrating agent such as com starch, potato starch, alginic 
acid and the like; a hibricant such as magnesium stearate; and a sweetening agent 
such a sucrose, lactose or saccharin may be added or a flavouring agent such as 

15 peppermint, oQ of wintergreen, or cherry flavouring. When the dosage unit form is 
a capsule, it may contain, in addition to tnaterials of the above type, a liquid carrier. 
Various other materials may be present as coatings or to otherwise modify the 
physical form of the dosage xmit. For instance, tablets, pills, or capsules may be 
coated with shellac, sugar or both. A symp or elixu: may contain the active 

20 conq)ound, sucrose as a sweetening agent, methyl and propylparabens as 
preservatives, a dye and flavouring such as cherry or orange flavour. Of course, any 
material used in preparing any dosage unit form should be pharmaceutically pure and 
substantially non-toxic in the amounts employed. In addition, the active compound 
m^ be incorporated into sustained-release preparations and formulations. 

25 As used herein "pharmaceutically acceptable carrier and/or dihient" includes 

any and all solvents, dispersion media, coatfaigs, antibacterial and antifungal agents, 
isotonic and absorption delaying agents and the like. The use of such media and 
agents for pharmaceutical active substances is well known in the art. Except inso£ar 
as ai^ conventional media or agent is incompatible with the active ingredient, use 

30 diereof in the dieia{)eutic compositions is conten^lated. Siqyplementary active 
ingredients can also be incorporated into the conqiositions. 



wo 95/21864 



PCT/US9Smi696 



- 16 . 

It is especially advantageous to formulate parenteral conqiositions in dosage 
unit form for ease of administration and uniformi^ of dosage. Dosage unit form as 
used herein refers to physically discrete units suited as unitary dosages for fhe 
mamnialiaTi subjects to be treated; each unit containing a predetennmed quantity of 
5 active material calculated to produce the desired therapeutic effect in association with 
the requued pharmaceutical carrier. The specification for the novel dosage unit forms 
of the invention are dictated by and directly dependent on (a) the unique 
characteristics of the active material and the particular therapeutic effect to be 
achieved, and (b) the limitations inherent in the art of compoundmg such an active 

10 material for the treatment of disease in livmg subjects having a diseased condition in 
which bodily health is impaired as herein disclosed in detail. 

The principal active ingredient is conqpounded for convenient and effective 
administration m effective amounts with a suitable pharmaceuticaUy acceptable carrier 
in dosage unit form as hereinbefore disclosed. A unit dosage form can» for example^ 

IS contain the principal active compound in amounts ranging from 0.5 |ig to about 2000 
mg. Expressed in proportions, the active confound is generally present in ham 
about O.S ng to about 2000 mg/ml of carrier. In the case of compositions containix^ 
siqiplementary active ingredients, the dosages are determined by reference to the 
usual dose and manner of administration of the said ingredients. 

20 In a most preferred embodiment, the antibodies used in a pharmaceutical 

composition are antibodies or mutants or derivatives thereof. Most preferably, the 
antibodies are monoclonal antibodies. 

The present invention is fiutfaer described by reference to the following non- 
limiting example. 

25 

EXAMPLE 

To generate a model system for analysing signal transduction by the human G-CSR- 
R, CHO-Kl cells were transfected with the human G-CSF-R (CH0-6A11). The cell 
line CH0-6A11 was generated by transfection with the pEE6.HCMV.GS expression 
30 vector (12) carrying a fiill lengdi cDNA encodmg the G-CSF-R. These cells 
txpKSsed iq^xunately 60,000 receptors per cell (as detennined by bindmg of I^G* 
CSF). Monoclonal and polyclonal antibodies to the G-CSF-R were produced to 
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enable detection of leceptor-associated proteins. Polyclonal rabbit antiserum, 
designated RSS» was generated by immunisation with a ^EXJO-CSF-R bacterial 
fusion protein enconq)assing the haemopoietin receptor domain. A BamHl fragment 
of the receptor cDNA encoding amino acids 17-345 was inserted into the BamHl site 
5 of PGEX-1 (13). The monoclonal antibody to die G-CSF-R, LMM174 was raised 
against CHC)-6A11 cells. 

The monoclonal antibody LMM741 and rabbit serum R5S detected the 
receptor in cell lysates from CH0-6A11 and the human monocytic leukaemic ceU line 
AML-193 (14) (Figure lA). Two protein of apparent molecular mass 130 and 110 

10 kDa were detected in CH0-6A11 lysates (Figure lA, lane D) and were not present 
inuntransfected CHO-Kl cell lysates (Figure lA, lane C) or when non-immune rabbit 
serum was used (Figure lA, lanes A and B). Three proteins of apparent molecule 
mass 145, 135 and 115 kDa were detected in AML-193 cells (Figure lA, lane E). 
The different sized proteins observed are likely to be due to differentiy glycosylated 

15 forms of the receptor (2). AML-193 cells proliferated in response to G-CSF whereas 
CHO-6A11 cells did not (Figure IB). 

Stimulation of CH0-6A1 1 cells with G-CSF induced a tyrosuie phosphorylated 
band of 130 kDa which was immunoprecq)itated by antiserum to JAKl (M7) (Figure 
2A). M7 was generated by unmunisation with a pGEX/JAKl bacterial fusion protein 

20 spanning the first kinase-like domain of JAKl (amino acids 576-825) (8). Vfbsn 
compared with JAK2 antiserum, M7 detects a protein which migrates slower on SDS- 
PAGE than JAK2, suggesting that it is specific for JAKl, despite the close homology 
of domain 1 between JAKl and JAK2 (15). 

Phosphorylation of JAKl was also observed by immunoprecipitation witii M7 

25 and immunoblotting with anfi-phosphotyrosine (Figure 2B). When this blot was 
strqqped and re-probed with M7, the result (Figure 2B, lower panel), showed that 
there was equal sample loading in all lanes. Tyrosine phosphorylation of JAKl was 
observed after 2 nunutes of G-CSF stimulation, was maximal between 10 and 20 
fiiffniteg and still evident, although decreasing, after 60 minutes. 

30 Tyrosine phosphoryhition of JAKl in response to G-CSF was also observed 

in the AMLrl93 cells (Figure 2Q. Increased levels of phosphotyrosine have proved 
to be an excellent mdex of tiie involvement of particular protein tyrosine kinases m 
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signal transduction pathways (IS)* The involvement of JAKl in intracellular events 
triggered by G-CSF was thus strongly indicated by these data. 

An in vitro kinase assay (11) was used to test whether the increased tyrosine 
phosphorylation of JAKl correlated with an increase in intrinsic kinase activity. 
5 When incubated with [y-^PJATP, JAKl showed an increased capacity to 
autophosphorylate in response to G-CSF stimulation (Figure 3A). A higher molecular 
weight band of unknown identity was also phosphoiylated. The kmase activity 
appeared to be mflyimal at 30 minutes. Phosphoamino acid analysis from kinase 
assay samples of 0 and 30 minutes after G-CSF stimulation confirmed that JAKl was 

10 phosphorylated on tyrosine residues (Figure 3B). Some increase in phosphorylation 
on serine residues was also observed. This is in contrast to the observation that JAK2 
incorporates ^^P into tyrosine and threonine residues (9). Tfaus» the elevated kinase 
activity of JAKl upon activation of CH0-6A1 1 cells by G-CSF underscores die likely 
involvement of this molecule in G-CSF-mediated signal transduction. 

IS To determine whether JAKl is physically associated with the G-CSF-R, a 

receptor inmiunoprecq)itate was analysed by blotting widi M7. JAKl co- 
mmmnoprecipitated with the G-CSF-R both before and after G-CSF treatment of 
CH0-6A11 cells (Figure 4, lanes A and B). This band was not observed when G- 
CSF-R immunoprecipitates were blotted with M7 pre-immune serum. The amount 

20 of JAKl co-immunoprecipitate remained constant for at least 20 minutes (not shown) 
and appeared to be a relatively small percentage of total cytoplasmic JAKl (Figure 
4, lanes C and D). Receptor immunoprecipitates also shown in vitro kinase activity 
corresponding to a 130 kDa protem. 

Stimulation of CH0-6A11 cells with G-CSF also resulted in phosphorylation 

2S of the G-CSF-R on tyrosine within 2 minutes of G-CSF stimulation (Figure S). The 
phosphorylated receptor migrated at a higher apparent molecular mass (ISO and 13S 
kDa) that the two mam bands detected by LMM741 and RSS. Differential migration 
of phosphoiylated protein has been observed with other proteins, for example, 
STAT91 (16) and middle sized tumour antigen (17). Phosphorylation of the murine 

30 G-CSF-R in a transfected hemopoietic cell line (32D) has also been detected rec^y 
by Pan era/. (18). 
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The &CSF-R shows considerable homology with gpl30 (46.3% amino acid 
similarity) (2), signal transducing component of the IL-6, oncostatin M» UF, CNTF 
and 11-11 receptors. Of interest, two of the three highly conserved regions of 
homology between gp-130 and the G-CSF-R have been shown to be necessary for 
5 signal transduction, most notably a 99 amino acid region of the cytoplasmic domain 
(2). Consistent with the notion that this homology indicates similar function, it has 
been recently observed JAKl association with gp-130 following IL-6 and LBP 
stimulation. 

The data presented here are strongly suggestive of an inqK)rtant role for JAKl 

10 in G-CSF receptor signal transduction pathways. The co-precipitation of G-CSF and 
JAKl demonstrates a close association between these molecules. Furdiennore, 
phosphorylation of both within two minutes of G-CSF binding makes it likely that 
JAKl is the kinase responsible for G-CSF-R phosphorylation. Recent reports indicate 
that JAKl is interdepCTdent with at least one other JAK family kinase in signalling 

IS pathways for IFNa and IFNy receptors. 

Although the CH0-6A11 system is an artificial one, it is clear that AML-193 
cells, which proliferate in response to G-CSF, share the same JAKl response (Figure 
2C). This suggests that these observations can also be applied to signal transduction 
from the native G-CSF-R. 

20 Those skilled in the art will appreciate that the invention described herein is 

susceptible to variations and modifications other than those specifically described. 
It is to be understood that the invention includes all such variations and modifications. 
The invention also mcludes all of the steps, features, conq)ositions and conq)ounds 
referred to or indicated in this specification, individually or collectively, and any and 

25 all combinations of axqr two or more of said steps or features. 
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CLAIMS: 

1 . A composition comprising antibodies or parts, fragments or derivatives 
thereof to G-CSF receptor extracellular domain. 

2. The composition of claim 1 wherein the G-CSF receptor extracellular 
domain is in recombinant form. 

3. The composition of claim 1 or claim 2 wherein the antibodies are 
polyclonal antibodies. 

4. The composition of claim 1 or claim 2 wherein the antibodies are 
monoclonal antibodies* 

5. The conqiosition of claim 1 or claim 2 whmin the antibodies are 
labelled widi a reporter molecule capable of providing an identifiable signal. 

6. An antibody to the composition of antibodies defined in claim 1. 

7. An antibody according to claim 6 labelled with a reporter molecule 
capable of providing an idratifiable signal. 

8. A method for inhibiting or decreasing tyrosine phosphorylation of a 
JAK kinase in a mammal conq)rising administering to said mammal a binding 
effective amount of an antibody or a part, fragment or derivative thereof mteractive 
with G-CSF receptor extracellular domain. 

9. The method of claim 8 wherein the antibody is specific for a 
recombinant form of the G-CSF receptor extracellular domain. 

10. The method of claim 8 or claim 9 wherein the antibody is a polyclonal 
antibody. 

1 1 . The method of claim 8 or claim 9 wherein the antibody is a monoclonal 
antibody. 

12. The method of claim 8 wherein the mammal is a human, livestock 
animal, companion animal or laboratory test animal. 

13. The method of claim 12 wherein the mammal is a human or murine 
species. 

14. A method for iphihiting or decreasing G-CSF interaction with G-CSF 
receptor in a T ff^"™^! conqnrising administering to said mammal a binding effective 
amount of an antibody or part, fragment or derivative tiiereof interactive widi &-CSF 
receptor extracellular domain. 
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15. The method of claim 14 wheiein the antibody is directed against a 
recombinant fonn of G-CSF receptor extracellular domain. 

16. The mediod of claim 14 or claim IS wherein the antibody : is a 
polyclonal antibody. 

17. The mediod of claim 14 or claim IS wherein the antibody is a 
monoclonal antibody. 

18. The method of claim 14 wberem die mammal is a human, livestock 
animal, companion animal or laboratory test animal. 

19. The mediod of claim 19 wheiein the mammal is a human or murine 
species. 

20. An antagonist to G-CSF receptor. 

21. The antagonist of claim 20 wherein said antagonist is an antibody or 
part, fragment or derivative thereof directed agamst G-CSF receptor extracellular 
domain. 

22. The antagonist of claim 21 wherem die antibody is dkected against G- 
CSF receptor extracellular domain m recombmant form. 

23. The antagonist of claim 21 or claun 22 wherem said antagonist is a 
polyclonal antibody. 

24. The antagonist of chum 21 or claun 22 wherem said antagonist is a 
monoclonal antibody. 

25. A mediod of treating a condition resultmg from G-CSF mteraction with 
its receptor comprising administering a phannaceutically effective amount of antibody 
specific for G-CSF receptor extracellular domain. 

26. The method of claim 25 wherein the antibody is directed against a 
recombinant form of G-CSF receptor extracellular domain. 

27. The method of claim 25 or claun 26 wherein the antibody is a 
polyclonal antibody. 

28. The mediod of claun 25 or chum 26 wherem die antibody is a 
monoclonal antibody. 

29. The method of claim 25 wherem die mammal is a human, livestock 
animal, companion animal or laboratory test animal. 
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